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© The present invention provides a soluble molecular complex for introducing a cancer suppressor transcrip- 
tion factor to a mammalian cell, the complex comprising a fusion of a ligand for a mammalian cell membrane 
receptor releasibly bound to the cancer suppressor transcription factor. Further provided by the present invention 
are methods of treating pathologic conditions caused by gene dysfunction or alteration of gene products. 



Rank Xerox (UK) Business Services 

(3. 10/3.09/3.3.41 



EP 0 685 493 A1 



75 



20 



25 



35 



40 



45 



50 



55 



thesTpT^^ Parentheses. The closures of 

more ^describe the state of TjS^l^Z^^ * ~ h to 

— (Bru g9 e. , e« a,.. 

Comprehensive R eview V0 | 1 1 ed do avES, !r ,1 c Suppress,on • 2fM0g * Human Cancer, a 
protein appears to Z 2o^£'J£ Iflf f"' Spn " 9 Harbor) OM.)). I he loss of functional Rb 

*oblZa, bladder cSnl brcasT caS TronL T ""^ ^ »« 

leukemia, testicular tumors dvsolLc ^ 7 "Oogenous leukemia, acute myelogenous 

cinoma. osteosarcom^ « sarcomas, prosSe car- 

Indicates an important and broad 5. for Rb ^^^Z^^,T^ 

the cyclins (D class). E2F is a ^l^S^X^ST^r ^ ^ ^ and 
genes that encode products with putative functiZ 2£ b,nds ii man y "P^am promoters of cellular 
the Rb-E2F complex may affec ^fte JanscSn of 2? TH T pro 9 ression - The formation of 
cell cycle progression ^nscnphon of cell cycle related genes and thereby negatively regulate 

ce,s^o^^ T and seguester the 

has a C-terminal domain which contains th« nn™™, P (start from amino acid #38 8) 

» 646-772) has been shown to reWnT (d0rnain A ' 393 - 572 '' domai " B 

injected into Saos* cells S^EKl K^5?2J ft? ^ mfcr °- 

Phenotype by Replacement of the RB Gene in hS S£ ^'S^nt^ 0 '" 

therapy is essential. In view of ttj ^ oCTnf UourbT h L?r ^ '.T^ "** a "° WS SyStemic 
P 56Rb more efficiently and precisely toTe JargeTinl! Tthe cel ° * ^ ,eChn0, ° 9y l ° ™™ *• 

Figure 5 details the construction of fusion protein FID56RB 

Figure 6 summarizes the construction of an interferon-RB fusion protein 

^zx£^&^% s? °\ me , ,usionproteins - Rb 

moiety at their C-termini ' * m ° leCU,ar Wei 9 h * and react s ^fical.y with the Rb 

srr-=ed d x„S 

R»™ 10 and 11 show the ^STo.l^I^'^^r'SST 8 *' (MOteC, " a ' °<*«* 



2 



EP 0 685 493 A1 



small cell lung carcinoma cell line in vitro . 

Figure 13 demonstrates that p110 RB -l 125 localizes to the nucleus of H596 cells in a time dependent manner. 
(Radke, K. et al., "Membrane Association of 36,000 Dalton substrate for tyrosine phosphorylation in Chicken 
Embryo Fibroblasts transformed by avian sarcoma virus" Cell Biol. , 97:1601-161 1 (1983)). 

5 The present invention provides a soluble molecular complex for introducing a tumor or cancer 
suppressor transcription factor to a mammalian cell. As used herein, the term "tumor or cancer suppressor 
transcription factor" refers to proteins that act to suppress cancer or tumor growth such as Rb or p53. It is 
intended that the term refers to both the full native proteins or to fragments modifications or derivatives 
which retain the tumor suppressor activity of the native protein. It is also intended that the term encompass 

w proteins having a nuclear localization signal, native or synthetic. For example, the nuclear localization signal 
present on p56 RB Is sufficient to direct nuclear translocation. 

This invention provides ligands to a cell membrane receptor, that will induce endocytosis and carry-in 
the tumor suppressor transcription factor. The ligand must be releasibly bound to the tumor suppressor 
transcription factor, allowing escape of the tumor suppressor transcription factor into the cytoplasm of the 

75 cell. As used herein the term "releasibly bound" is intended to encompass an extracellularly stable bond 
that is cleavable under appropriate conditions within the cell so as to release the tumor suppressor 
transcription factor intracellular^. For example, cleavage of the bond can be pH or enzymologically 
regulated. As used herein "ligand to a cell membrane receptor" refers to a molecule which binds to 
receptors located on the cell surface. Such receptors can be tissue specific or can be ubiquitously found on 

20 many or all cell surfaces. The cell membrane receptors all provide a -COOH binding site for the ligand. 
Examples of such receptors are GIP colon cell receptor, bombasin growth factor receptor on lung cells and 
ferretin. 

Two ligands have been examined: Pseudomonas exotoxin A (PE) and interferon alpha (Wick, MJ. et al., 
"Analysis of the Structure-function relationship of Pseudomonas aeruginosa exotoxin A", Mol. Micro. , 4:527- 

25 535 (1990); Rubinstein, M. et al., "The interferon receptors", Crit. Rev. Biochem. , 21:249-275 (1986); 
Wileman, T. et al., "Receptor-mediated endocytosis", Biochem. , 232(1 ):1 -14 (1985); Yonehara, S. et al.! 
"Cell surface receptor-mediated internalization of interferon: its relation to the antiviral activity of interferon", 
J. Gen. Virol. , 64:2409-2418 (1983); Arnheiter, H. et al., "Microinjection of anti-interferon antibodies into cells 
does not inhibit the induction of an antiviral state by interferon", J.Virol. , 52(1):284-07 (1984)). Domain 1 of 

30 exotoxin A is important to cell surface recognition and receptor binding while domain 2 is required for 
translocation out of the endosome (Liu, P/V. "The roles of various fractions of Pseudomonas aeruginosa in 
its pathogenesis. 3. Identity of the lethal toxins produced in vitro and in vivo ", Infect. Dis., 116(4):481-9 
(1966)). The fusion proteins have been constructed containing either partial domain 1, intact domain 1 or 
both domain 1 and 2. Both ligands, PE and interferon, were constructed as fusions with N-terminal 

35 truncated p56Rb and produced E. coli. It is significant that N-terminal truncated p56 RB has no activity on its 
own, unlike p110 RB , nor is p56 RB active when co-incubated with tumor cells. The fusion proteins so 
constructed were purified and tested. Unlike p56 RB unmodified, the p56 RB fusion proteins have the T-antigen 
binding activity and tumor growth suppression function of the full length p110 RB .ln this invention, it is also 
shown that full length (unmodified) RB protein has growth suppression activity under pharmacologically 

40 acceptable conditions. 

Exotoxin A of Pseudomonas aeruginosa is one member of a family of secreted bacterial toxins that are 
capable of covalently modifying specific target proteins within mammalian cells. Analysis of the identified 
domains show that the amino-terminal domain (domain 1) is involved in recognition of eukaryotic target 
cells. The central domain (domain 2) is involved in secretion of exotoxin A into the periplasm of Escherichia 

45 coli. Domain 2 also functions in translocation of exotoxin A from the eukaryotic endosome which containing 
the toxin after being internalized into susceptible eukaryotic cells via receptor-mediated endocytosis. The 
carboxy-terminal portion of exotoxin A (domain 3) encodes the enzymatic (toxin) activity of the molecule. 

Exotoxin A enters eukaryotic cells via receptor-mediated endocytosis, is internalized into clathrin-coated 
pits, and proceeds into endosomes (Saelinger, C.B. et al., "Intracellular trafficking of Pseudomonas exotoxin 

50 A " Antibiot. Chemo. , 39:149-59 (1987)). The receptor of exotoxin A is species-specific, and certain 
glycosphingolipids - asialo-GM1 and asialo-GM2, but not GM2, GM2, GM3, may act as receptors on the cell 
surface (Krivan, H.C. et al., "Many pulmonary pathogenic bacteria bind specifically to the carbohydrate 
sequence GalNAc beta 1-4Gal found in some glycolipids" Proc. Natl. Acad. Sci. USA , 85(1 6):61 57-61 
(1988)). Using the characteristics of exotoxin A, three different fusion proteins were constructed see 

55 Example I and Figure 1 (PEA56RBD0 and PEA56RBD1), Figure 2 (PEA56RBD2S). Both PJH8, PJH14 and 
Pseudomonas aeruginosa strains are from ATCC (Rockville, MD). Plasmid 44-2 and E. coli BL21 (with 
pLysS) were provided by Dr. Wen Hwa Lee. Plasmid pflag (IBI, CT) and DH5 alpha competent cells (BRL, 
Bethesda. MD) were obtained from suppliers. Figure 3 summarizes the final structures of the different PE 
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Another ligand tested in this invention is interferon alpha. The uptake of interferon aloha intn th« ■ 
P»«n co^ai^iS; SS^SJ ^SS»2ErSi binding «. wi^a*™ 

The following examples are intended to illustrate but not limit the present invention. 
EXAMPLE I 

Construction Of Tumor Suppressor Fusion Proteins 

Aval and Ncol Digested 44-2Rb was separated on the 1% ananra ™i *nH ^ i 
purified with Geneclean (Bio101, San Diego CA) method PGR ^ fragment Wa$ 

pared by PCR of PE wrth pnmers (4) and (6). Hindlll-Ncol 56Rb 5' fragment was PCR of 44-PRh 
pnmers (2) and (3). These two fragments were ligated to the vector contain no J ^ 0^1? 
punfying Je Ndel. Nco. digested PEA56RBD1 largefragment to fcS PeSrbSL ' ' ^ * 

pomJCS ; ™tLV:^z%£Zm™j CR of pc9s261 with primers (e) - < 9 >- Ava, - Ava - 

;= r i PUrified jra^-sg-a- = 

Primers used in the construction of the fusion proteins are the following- 

(1) . 5 pnmer for 56RB with Ava I and Kpn I site 5' AATTCCCGAGCTGGTACCGATTTTAAATTCAGCAAG 

(2) . 5' primer for 56RB with Hind III site 5' AATTAAGCTTTCATTTTAAATTCAGCAAG 3' 
3). 3 pnmer for 56RB with Nco I site 5" AATTTCTAGAAAGCACATTCAGAATCCATG 3' 
CATTGgT^ PSeUd0m ° naS 3erU9in0Sa DNA with Nd ° ' ^te 5' AATTCATATGCACCTGATACCC- 
(5). 5' primer for PJH14 with Nde I site 5' ATTCATATGGCCGAAGAAGC 3' 
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(6) . 3' primer for Pseudomonas aeruginosa DNA with Hind III site 5' AAGAAAGCTTTGCCGTCGCCGAG- 
GAACTC 

(7) . 3" primer for PJH14 with Ava I site 5' AATTCTCGGGAAAGTGCAGGCGATGAC 3' 

(8) . 5 f primer for pCGS261 with Hind III site 5' AGCTCTAAGCTTTGTGATCTGC CTCAG ACTC 3' 
5 (9). 3' primer for pCGS261 with Ava I site 5' AATTCTCGGGTTCCTTACTCTTCAATCT 3' 

PCR reactions were performed under the following conditions: 



dNTP 10mM 


8ul; 


buffer 10x 


100 ng 


5* primer 


300 nM 


3' primer 


300 nM 


formamide 


1.5% volume 


Taq Polymerase 


1 unit 


dH20 bring to 


50 ul 


mineral oil 


50 ul 



Reaction conditions were as follows: 
95* Cx5* 

20 94* C x V 55* C x V 72* C x 1-2' for 30 cycles 

72'Cx10' 

EXAMPLE II 

25 Expression and Purification of Fusion Proteins PEA56RBD0, D1 t D2S. FID56RB 

Based upon the BL21(DE3)pLysS host organism of Rosenberg (Rosenberg, A.H. et al., "Vectors for 
selective expression of clone DNAs by T7 RNA polymerase", Gene , 56(1):125-35 (1987)), after transforma- 
tion with the PEA56RBD0. D1, D2S plasmid, protein production could be induced by isopropyl-/S-D- 

30 thiogalactopyranoside. For FID56RB, DH5 alpha was used as the host. Bacterial overnight cultures were 
prepared by direct inoculation of bacteria from master seed banks into LB media containing 100 ug/mL 
ampicillin and 20 ug/mL chloramphenicol. After growing 15 hours at 30* C in a New Brunswick Scientific 
shaker, an OD 60 o of between 2 to 3 was attained, the whole content of the seed flask was used to inoculate 
3.4 L medium in a 5 L fermentor. The temperature of the fermentor was set at 28 # C, the pH at 6.9, aeration 

35 at 0.5 L/min and agitation at 300 rpm. IPTG induction (0.2 mM final concentration) was performed when 
ODeoo of the culture reached 7 to 8 and additional LB media and glucose were supplemented. Bacteria 
were harvested 3 hours after induction, pelleted and frozen at -80 * C until use. 

Cell homogenates were prepared using a microfluidizer model M110T at 10,000 psig in the lysis buffer 
containing 10mM phosphate, 1mM EDTA, and 1mM PMSF at pH 7.5. The resulting microfluidized cell 

40 lysate was spun down at 10,000 rpm in a JA-10 rotor for 25 minutes at 4*C. Western blot analysis utilizing 
o»-Rb monoclonal antibody 318 of the fusion proteins indicating that they each have the correct molecular 
weight and react specifically with the Rb moiety at their C-termini is shown in Figure 7. 

EXAMPLE III 

45 

Purification & Biological Activity of the DO & D1 Fusion Proteins 

For DO and D1 t the pellet was resuspended in 2X volumes (in mL) with respect to the wet cell weight 
(in grams) of lysis buffer and spun down again in the JA-10 rotor for 25 minutes. Hence, 2X volumes refers 
so to this volume of lysis buffer. This washing procedure was repeated three times. The remaining pellet was 
stirred in 2X volumes of lysis buffer containing 0.1% Tween-80 at 4*C for 1 1/2 - 2 hours and then 
centrifuged again in the JA-10 rotor. 

Following the 0.1% Tween-80 wash step, the pellet was resuspended in 2X volumes of lysis buffer 
containing 4M urea. This mixture was stirred for at least 1 1/2 - hours at 4'C, followed by centrifugation in 
55 the JA-10 rotor as before. 

The pellet was resuspended in 2X volumes of lysis buffer containing 8M urea and stirred for at least 1 
1/2-2 hours at 4*C. The resuspended material was centrifuged again as before, the supernatant contains 
the partially purified fusion proteins. 
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Refolding was accomplished by drop-wise addition of the denatured protein solution into a raoidh, 
stanng flask containing 8X - 40X volumes of 10mM phosphate + l50mM NaCI at pH 7 fPBS^S 

sees xr*— m ,he 

5 «du2l. aSS^?"? i? ^ ^ fe 8<K85% PUre 33 6Stimated b * C 00 ™ 5 ^ bl "° staining of a 
w ^ J ? ? 9Ufe 8 <Pane ' S A and B) Sh ° W SDS - PA GE 9el analysis of the purified DO andDI 
prote-ns. Western blot analyse us,ng »Rb Mab 3C8 support the identity of these proteins (Rgure 8. Panels 

10 EXAMPLE IV 

T-antigen Binding Characteristics of PEA56RBD0 



is 



20 



The ability of purified fusion proteins to bind purified viral oncoprotein SV40 T-antigen was determined 
according to the modified ELISA procedure of Wen et al. Briefly, each wel. of the £Z\ rnTcSTS 

pZ^ n T m9ht T °;° 5 U9 °' PUrified Tafl - A " er bl0cWn 9 wi * BSA tUk+M in PBS ) puS 
PEASBRBDOfus.on prote.n of various concentrations (two-fold dilutions from 2 ug/mTto 0.016 ug/ml) w2 

ZZSJS T B W6re W3Shed and ,he Ta 9- bound RB P rotein w as detected (Figure 

standard chromogenic react™ using biotinylated Mab 3C8. streptavidin-POD 1:2500 dilufion (Boehrinqe* 
Mannhe-m GmbH), and ABTS (Sigma. St. Louis. MO) substrate. Color development was 
nm absorbance by a Coulter microplate autoreader (Molecular Devices). measured at 405 



EXAMPLE V 



25 RB^y 1 SUPPfeSSi0n 0< P11 ° RB Pmiung Tumor-Ce.1 Un. s hv Fusion Proteins^ Fufltengm 

a. Slf !?■ '^"f d: RB ne9atiVe n ° n - Sma " 0611 ,U "9 Carcinoma ce » (Harbour. J.W et 

241- 3 S-7 nS, ^ ^^.rr 88 ' 0 " ° f * 6 hUma " retinobla *™ a 9- in SCLC", Science 
^41.353 7 (1988)) and the small cell lung carcinoma lines (Hensel. C.H. et al.. "Altered stnjctuTe~in~d 

(1990 »' and the Rb P° slt,ve non-small cell lung carcinoma line. (Yokota. J. et al. . "Altered e xpression 
of the retinoblastoma (RB) gene in a sma.l-ce.l carcinoma of the .ung". Oncogene . 3 47™ « 
cen lines were from ATCC (Rockville. MD). About 5x103 ce.ls were seededlm^eTch wel. in a Twelve 
fr2h W R e p M ? , t0 TI^k ' n RPM ' ^ ° Vemi9ht * 37 ' C - ™* media -as aspirated and X J5 
ldd«d T^ SUPP ! m ! n,9d 5% ,e,aI Ca " S6rUm W3S added 10 9ach we "- Additionally, fusion p Join was 
added to the med.a to generate final concentrations ranging from 25 ug/mL to 0.4 ug/mL Confro whiS 
had no anatyte additon were also performed. Each incubation was performed in tripSe £ ceSs were 
■ncubated at 37«C in the presence of the analyte for 2 hours. Subsequently, the me^wes £Z ed and 

"I","'? k V ° ,Ume ° f ' reSh RPMI P ' US 5% ,etal Calf Se ™ ™ e <*» s weSTncu?atrL a?aSe 
deficent media for 4 hours. A second 2 hour treatment with the analyte was performed using me same 

The 2 hour treatment was repeated a third time followed again by a 4 hour anafyte deficient incubation 
Hence, exposure time to the analyte totalled 6 hours. incuiwiion. 

• '? ,e n 3 "' ,n y midine u P ,ake assay was employed for in vitro studies of growth (DNA Synthesis) suoores- 

fresh RPMI Pr ° te , inS - F rJ H t y T Wine UPt3ke thTmi5ia in each wasLtStTri3b y 

fresh RPMI supplemented with 5% fetal calf serum and 5 uCi/mL 3 H -th ym idine. Cells were incubateuTthis 

of DNA synthesis by P 110» in p110«»-deficient tumor cell lines is shown in Figures 10 and 11 
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Claims 



1 " cer l m b a ,e c o m r°^ Ular COmP ' eX ,0 V n,r0duCin9 8 "«* su PP ressor transcription factor into a mammalian 

S'n^n »h P C ° mPnS,n9 3 fUS,0n ° f 3 " 9and ,or 3 mamma " a " cell membrane receptor releasibly 
55 bound to the cancer suppressor transcription factor. c C «>.u.y 

a 2o 9 nrpo^pSe Ular COmP ' eX ° f ^ 1 " Wherei " CanC6r SUppreSSOr ^"P«on factor is an RB 
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3. The soluble molecular complex of claim 2, wherein the RB agonist comprises a small molecule 
derivative of p110 RB . 

4. The soluble molecular complex of claim 3, wherein the small molecule derivative of p110 RB exhibits the 
biological activity of a soluble full-length retinoblastoma protein. 

5. The soluble molecular complex of claim 4, wherein the biological activity includes a nuclear localization 
signal. 

6. The soluble molecular complex of claim 4, wherein the biological activity comprises tumor growth 
suppression. 

7. The soluble molecular complex of claim 3, wherein the small molecule derivative is p56 RB and 
fragments thereof. 

8. The soluble molecular complex according to any one of claims 1 to 7 wherein the ligand specifically 
binds to a cell membrane -COOH receptor or to asialoglycoprotein. 

9. The soluble molecular complex of claim 8, wherein the asialoglycoprotein is asialo-GMI or asialo-GM2. 

10. The soluble molecular complex according to any one of claims 1 to 9, wherein the ligand is 
Pseudomonas exotoxin A or interferon alpha. 

11. The soluble molecular complex according to any one of claims 1 to 10 whereby the fusion protein is 
covalently modified with a hydrophobic monomer. 

12. A soluble molecular complex for introducing a cancer suppressor transcription factor to a mammalian 
cell selected from the group consisting of PEA56RBD0, PEA56RBD1, PEA56RBD2S and FID56RB. 

13. A pharmaceutical composition comprising the soluble molecular complex according to any one of 
claims 1 to 12 and a pharmaceutical^ acceptable carrier. 

14. The pharmaceutical composition of claim 13 for the treatment of retinoblastoma, bladder carcinoma, 
breast cancer, chronic myelogenous leukemia, acute myelogenous leukemia, testicular tumors, dys- 
plastic and cancerous ulcerative colitis, sporadic sarcomas, prostate carcinoma, osteosarcoma, small- 
cell lung cancer, synovial sarcoma and other malignancies or hyperproliferative diseases characterized 
by RB gene dysfunction or alteration of the RB gene product. 

15. A method of modifying a cell-regulatory activity of the Rb gene comprising contacting the cell with the 
soluble molecular complex according to any one of claims 1 to J 2, thereby, modifying the cell- 
regulatory activity. 

16. The method of claim 15, wherein the ligand releases the RB agonist into the cytoplasm of the 
mammalian cell. 

17. The method of claim 15 or 16, wherein the contacting is effected in vitro . 

1a The method according to any one of claims 15 to 17, wherein the regulatory activity comprises tumor 
growth suppression. 
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Figure 1 
PEA56RB D1,Do Construction 
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Figure 2 
pEA56Rb D 2 S Construction 

Pseudomonas 
aeruginosa 

DNA EcoRI 




Ndel S + D T + D 2 
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Figure 5 
FID56RB Construction 




Hind in 
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FIGURE 7 
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FIGURE 8 
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Panel A. SDS-PAGE gel of partially 
purified Do PE-RB Fusion Protein. 
Lane 1 Molecular Weight Stds. 
Lane 2 Do PE-RB 



Panel B. SDS-PAGE gel of partially 
purified Dt PE-RB Fusion Protein. 
Lane 1 Molecular Weight Stds. 
Lane 2 Dt PE-RB 




O 0 PE-RB 



Panel C. Western 8lot of partially 
purified Do PE-RB Fusion Protein. 
Lane 1 Molecular Weight Stds. 
Lane 2 Dq PE-RB 
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Panel D. Western Blot of partially 
purified Di PE-RB Fusion Protein. 
Lane 1 Molecular Weight Stds. 
Lane 2 Dt PE-RB 
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FIGURE 9 



T- ANTIGEN BINDING OF DO AND D1 PE-RB FUSION PROTEINS 




0 1000 2000 3000 



4000 5000 6000 
FOLD DILUTION 



7000 8000 9000 10000 



Curves demonstrating the reduction of T-antigen binding in purified samples of DO 
and D1 PE-RB fusion proteins upon dilution. The control curve represents the 
dilution of an E. Con lysate processed in the same manner as the purified proteins. 
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FIGURE 10 



Normal p110 RB Produced in Bacuiovirus Inhibits the 
Growth of Rb Negative H128 SCLC Tumor Cells 



P1 10RBL___ mam warn I 

™~ """""" Cell Line Rb status 



aa1 aa928 



H128 



P56RB { j m m _^ A549 

Aaa1-386 



aa928 
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FIGURE U 



100% 



Dp 

pi 10 Directly Inhibits Growth of Cell Lines Which 

Lack Expression of p1 1 0 RB 
< -t> ^ NSCLC 



H-69(Rb-) H-128(Rb-) H-596 (Rb-) A-549 (Rb+) 




H3-thymidine uptake 9 72 hours (25 ugAnl protein) 



B-Rb:Baculovirus obtained p110RB 
E-Rb: E-Coli obtained p110RB 
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